Introduction
Portal hypertension results from increased resistance to the portal blood flow. On the other hand, the portal blood flow increases due to splanchnic vasodilation. Both of these mechanisms contribute to the progression of portal hypertension [1, 2] .
The severity of portal hypertension is determined by measuring the hepatic venous pressure gradient (HVPG) [3] . This is the gold standard measurement; however, it is invasive and available only in a few centers. Therefore, there is a need to develop noninvasive methods of evaluating portal hypertension in cirrhotic patients. The ultrasound can yield important data about morphologic changes and liver hemodynamics [4] .
Objectives
The aim of this study is to assess the hemodynamic arterial and venous flow of the liver and spleen by using Doppler ultrasound in patients with liver cirrhosis and portal hypertension compared with healthy subjects and to identify specific correlations with the severity of liver cirrhosis and degree of esophageal varices.
Material and Method
We enrolled 50 patients with liver cirrhosis (31 men, 62%; and 19 women, 38%) with a mean age of 49.1 ± 7.8 years and 20 healthy subjects (12 men, 60%; and 8 women, 40%) with a mean age 51.7 ± 9.3 years as the control group. The study was carried out from September 1, 2014 to June 30, 2015 (10 months). The patients were admitted to the Gastroenterology Department, Clinic of Internal Medicine I, Constanta.
The following exclusion criteria were applied: history or presence of hepatic encephalopathy; history of upper gastrointestinal bleeding, hepatocellular carcinoma, cardiopulmonary disease, hypertension, renal artery stenosis, diabetes mellitus, or chronic renal failure; prior acute therapies for portal hypertension; use of vasoactive drugs, diuretics, or anti-inflammatory medication; ongoing antiviral therapy; portal vein thrombosis; and age under 18 or over 70 years.
Laboratory tests were done, and the patients were grouped according to the Child classification: Group I (Child A), 14 patients; Group II (Child B), 21 patients; and Group III (Child C), 15 patients. Table I shows the characteristics of the study subjects.
Upper gastrointestinal endoscopy was carried out with a Pentax EPK-100p digital video endoscopy. We looked for the presence of esophageal varices and their degree according to the Japanese classification (Japanese Research Society for Portal Hypertension) [5] . Doppler ultrasonography was done with a Hitachi Aloka ProSound Alpha 7 device with a UST-9147 multi-frequency convex transducer. The examination was carried out on patients under fasting and in a supine position for 15 minutes. The Doppler sample was positioned in the middle of the lumen.
The following variables were calculated: portal vein diameter, sectional area and velocity (minimum, maximum, and average), portal vein flow, resistivity and pulsatility indexes of the hepatic and splenic arteries, congestion index of the portal vein, and liver vascular index (LVI). a) Portal vein 1. Portal vein diameter (PVD; mm)
The portal vein was measured at the hepatic hilum, proximal to the bifurcation. 2. Cross-sectional area of the portal vein (cm2)
Cross sectional area = (π × diameter^2)/4 3. Mean portal vein velocity (cm/sec) (PVV) Hemodynamic measurements were done during a brief apnea after a small breath. The insonation angle between the vessel and Doppler beam was less than 600. The results for different groups of patients were compared by applying the nonparametric unpaired Mann-Whitney U test (for two groups) and the Kruskal-Wallis test (for more than two groups). The results were considered significant at p <0.05. Statistical analysis was done with the Microsoft Excel 2007 software. Table II shows a summary of the abovementioned anatomic and hemodynamic (functional) variables. The portal vein diameter was larger in cirrhotic patients compared with the control group. However, this variable was not correlated with the severity of liver cirrhosis according to the CHILD class.
Results
The mean portal vein velocity was significantly lower in patients with cirrhosis compared with the control group, and there was a decrease in velocity with increasing severity of liver cirrhosis. The lowest velocities were in CHILD classes B and C.
The blood flow through the portal vein was significantly decreased only in advanced forms of liver cirrhosis (Child C), and there were no significant differences between the control group and patients with compensated cirrhosis (Child A). CHILD B patients with cirrhosis showed a decrease in portal blood flow, but the value was not significant.
The portal vein congestion index (CI) was increased in patients with liver cirrhosis compared with the control group, and patients with decompensated cirrhosis (Child C) showed the highest increase in this index.
The pulsatility and resistivity indexes of the hepatic artery were significantly increased in patients with CHILD B and C cirrhosis compared with the control group and patients in CHILD class A.
The analysis of the splenic artery Doppler indexes showed no statistically significant differences between the pulsatility index (PI) and resistivity index (RI) of the splenic artery in patients with hepatic cirrhosis compared with the control group, as well as between these indicators and the CHILD classes of liver cirrhosis.
The liver vascular index (LVI) was significantly lower in patients with advanced cirrhosis (CHILD C) compared to compensated cirrhosis patients (CHILD A) and controls. Although LVI was lower also in Results were compared for each group with both other groups, independently. * P <0.05 CHILD B class, the value did not have statistical significance. Table III shows the values obtained in the 2D and Doppler ultrasound in relation to the size of esophageal varices. In general, these variables correlated with the severity of esophageal varices (EV), except for PV flow and LVI, which were significantly decreased in patients with EV grade III.
Discussion
The identification of prognostic factors associated with the risk of decompensation of liver cirrhosis and of gastrointestinal bleeding in esophageal varices is a long-standing objective in medicine. The ultrasound is a relatively inexpensive and noninvasive method that has undergone considerable development in medical practice and has recently benefited from significant technical improvements. Therefore, it is justified to look for a correlation between the ultrasound parameters and the evolution and prognosis of cirrhotic patients.
The results of this study showed that the portal vein diameter was significantly higher in cirrhotic patients compared with the control group, similarly to other works [6] . However, the portal vein diameter was not useful in differentiating between grades of severity of cirrhosis, nor was it correlated with the size of esophageal varices. A study in 2012 [7] also showed a weak and useless correlation in practice between the portal vein diameter and the liver cirrhosis CHILD or MELD score although some studies have reported otherwise [8] . Our results indicate that this variable cannot be used in clinical practice to assess bleeding risk or to make a prognosis for patients with cirrhosis, possibly because the diameter of the portal vein depends on the number and size of the collateral venous portal system, which has large individual variability.
The velocity through the portal vein was significantly decreased in patients with decompensated cirrhosis (Child B and C) compared with the control group and patients in Child class A, as similarly observed in other studies [6, 8, 9] . Gaiani [10] , among other authors, reported similar results: the velocity of the portal vein was significantly lower in cirrhotic patients compared with controls and was significantly lower in patients with Child B and C cirrhosis than those with Child A (Table IV) .
Mean portal velocity (cm/sec) Control Cirrhosis Gaiani et al [10] 16 ± 4.1 12.4 ± 2.3 Moriyasu et al [11] 15.3 ± 4 9.7 ± 2.6 Zoli et al [12] 16 ± 0.5 10.2 ± 3.5 Ohnishi et al [13] 16.5±4.9 12 ± 3
The velocity through the portal vein (PVV) is not a constant variable correlated with the severity Results were compared for each group with both other groups, independently. * P <0.05 of cirrhosis, although some studies have reported otherwise [7, 14] . The inconsistent results obtained are due to the existence of a certain intra-and interobserver variability and venous collaterals [15] . The blood flow through the the portal vein (PVF) depends on the PV diameter (which increases with the severity of cirrhosis) and the velocity through the PV (which decreases with the severity of cirrhosis). Therefore, the flow through the PV does not show significant changes over the long-term evolution of cirrhotic patients. However, in advanced stages and patients with grade III varices, the PV flow was significantly decreased, thus confirming the usefulness of this variable in identifying patients with poor prognosis, increased risk of decompensation, and digestive hemorrhage. A similarly useful variable is the congestion index of the portal vein, which was significantly increased in patients with CHILD C cirrhosis and those with grade III varices both in the present study and in previous works [7, 11] .
We observed a significant increase in the hepatic artery pulsatility and resistivity indexes (HAPI and HARI) in patients with liver cirrhosis compared with the control group, similarly to other studies [6] . Moreover, these indexes were correlated with the size of esophageal varices but not with the severity of cirrhosis (Child classes) [16] .
Sacerdoti et al. [16] found that the hepatic artery PI and RI measured intrahepatically were significantly higher in cirrhotic patients compared with a control group. The hepatic arterial impedance indexes were higher in some cirrhotic patients with portal vein thrombosis than in those without thrombosis. Bolognesi et al. (1996) evaluated the splenic Doppler impedance indexes in patients with portal hypertension and a control group. They found that the pulsatility index was higher in cirrhotic patients with portal vein thrombosis than in those without thrombosis [17] .
The liver vascular index (LVI) was significantly lower both in patients with decompensated cirrhosis (Child C) and in those with esophageal varices at high risk of bleeding (Grade III), thus identifying this index as a possible marker of gravity that needs to be monitored regularly, as previously reported in the literature [6] .
In our study, we did not find a good correlation between the size of esophageal varices and any of the static or hemodynamic ultrasound variables, except in the group of patients with grade III varices, who had significantly low blood flow through the portal vein and liver vascular index (LVI) and significantly increased portal vein congestion index. These results, which correspond to previous findings in the literature [18] , were attributed to the existence of portosystemic anastomoses, which drain the portal circulation to other vascular territories not only through esophageal varices [19] .
Conclusions
The standard 2D and Doppler ultrasound is an important, noninvasive screening tool for cirrhotic patients with portal hypertension. Significant differences are found between the static and impedance indexes of portal circulation in healthy subjects compared with those with portal hypertension. However, these indexes are insufficient to establish a survival prognosis for patients or determine the severity of esophageal varices. Therefore, there is a need to combine clinical scores with biological and imaging tools for a better assessment of these patients.
